ABSTRACT N-(2,4-dichlorobenzylidene)-3-methylbenzenamine (L6) was synthesized as single crystal and characterized by FT-IR, Raman, 1 H NMR,
INTRODUCTION
Hugo Schiff described the condensation between an aldehyde and an amine leading to a Schiff base in the 1860s [1] . Since then a variety of methods for the synthesis of Schiff bases have been described. Schiff base ligands may contain a variety of substituents with different electron-donating or electronwithdrawing groups and therefore may be interesting chemical properties [1] . A Schiff base is the nitrogen analogue of aldehyde in which the C=O group is replaced by a C=N group [2] . Schiff bases, also known as N-substituted imines have been widely studied as ligands in the development of organic coordination complexes of transition metals [1] [2] [3] . Schiff bases constitute one of the most widely used families of organic compounds, not only as synthetic intermediates but also in coordination chemistry [2] . Under ordinary conditions aromatic aldehydes and aromatic amines react very readily to give Schiff bases. These Schiff bases are well-defined, crystalline substances. Many studies show the biological role of Schiff bases as anticancer, antitumor, non-steroidal anti-inflammatory drugs [4] [5] [6] [7] [8] [9] . The imines derived from aniline and its derivatives with aromatic aldehydes have a wide variety of applications, particularly in biological, pharmaceutical and other chemical industries [9] [10] [11] [12] . We reported the synthesis, crystal structure, characterization and theoretical studies of Schiff base compound L6. The literature survey reveals that to the best of our knowledge no detailed study available on FT-IR, Raman, 1 H NMR, 13 C NMR and UV-VIS spectroscopy, single crystal and the thermogravimetric (TGA/DTA) study on L6.
Aytekin et al. / Anadolu Univ. J. of Sci. and Technology -A -Appl. Sci. and Eng. 17 (2) -2016

358
EXPERIMENTAL SECTION
General
All reagents and solvents for synthesis and spectroscopic studies were purchased from Aldrich and used without any further purification. The FT-IR (4000-400 cm -1 ) spectrum as a KBr pellet was recorded via a Bruker Optics IFS 66v/s FT-IR spectrometer with 2 cm -1 resolution in vacuum. For the Raman spectra, the compound was recorded using a Bruker Senterra Dispersive Raman microscope spectrometer at 532 nm excitation from a 3B diode laser having 9-18 cm -1 resolution between 3700 and 60 cm -1 spectral region. The 1 H (400 MHz; CDCl 3 ) and 13 C (100 MHz; CDCl 3 ) NMR spectra were recorded on a Bruker Ultra Shield Plus-400 MHz instrument. Crystallographic data were collected on a Bruker AXS APEX [42] CCD diffractometer equipped with a rotation anode at 100 (2) K using graphite monochrometed Mo K radiation (71073Å). Absorption corrections by psi-scan were applied. The data reduction was performed with the SAINT program package. Structure was solved by direct-methods and by full-matrix least squares against F 2 using all data [43] . All non-hydrogen atoms were refined anisotropically. Hydrogen atoms were added to the structure model at calculated positions. Geometric calculations were performed with Platon [44] . Molecular drawings were obtained using Mercury [45] . Detailed crystallographic data for the structural analyses have been deposited with the Cambridge Crystallographic Data Centre, CCDC with deposition number 848120. Copies of this information can be obtained from The Cambridge Crystallographic Data Centre, 12 Union Road Cambridge CB21EZ, UK (fax: +44 1223 336033; e-mail: deposit@ccdc.cam.ac.uk or www: http://www.ccdc.cam.ac.uk. The thermogravimetric analyses were carried out at a heating rate of 20 C/min under nitrogen atmosphere using alumina powder as reference over a temperature range of 0-1400 C using a Netzsch STA 409 PC/PG thermal analyzer.
Synthesis of N-(2,4-dichlorobenzylidene)-3-methylbenzenamine
2,4-dichlorobenzaldehyde (175.01 mg, 1 mmol) was dissolved in absolute ethanol (50 ml) and the temperature was raised to 60°C and stirring was continued at this temperature until the aldehyde dissolved. Then 3-methylaniline (107.17 mg, 1 mmol) was added to the mixture. The whole mixture was stirred around an hour at room temperature to give a clear orange solution. Suitable crystals of the title compound for X-ray study were formed by slow evaporation of the solvent over two days at room temperature.
RESULTS AND DISCUSSIONS
The preparation of H 2 Pc 2 and CoPc 3, CuPc 4, NiPc 5 and ZnPc 6 are shown in Figure 1 . The structures of new compounds were characterized by using spectroscopic data and elemental analysis.
Structural Property of L6
The title compound L6 was obtained by the reaction of 2,4-dichlorobenzaldehyde with 3-methylaniline in 84 % yield in ethanol solution. L6 is a bottle straw yellow crystallite stable in air at room temperature. It is stable in air in the solid state. The crystal data and experimental details are listed in Table 1 . The title compound crystallizes in the monoclinic system with space group of P2 (1) / c. The molecular structure of L6 with the atom numbering scheme and packing diagram of L6 with inter molecular interaction along b axis are given Figure 1 (a) and (b). SEM micrograph of L6 was investigated using a ZEISS EVO-50VP scanning electron microscope (SEM). The SEM micrograph of L6 is shown in Figure 1 (c). 
Computational Details
All the theoretical calculations of the title compound were carried out with the aid of the CS ChemOffice Ultra 14.0.0.117 Version for Microsoft Windows [13] , Gaussian 09 program [14] and GaussView 5.0.8 [15] was used for the molecular structure optimization and computation of vibrational wavenumbers. The optimized structural parameters of the title compound were used for harmonic vibrational frequency calculations at DFT level to characterize all stationary points as minima resulting in IR intensities and Raman depolarization ratios. In order to get the more stable conformers of the title compound the potential energy surfaces (PES) as a function of the selected torsion angle were obtained. Therefore, PES were determined by using Becke's three-parameter exchange functional [16] in combination with the Lee-Yang-Parr correlation functional [17] (B3LYP) density functional theory (DFT) method with split-valance polarized 6-311++G(d,p) basis set as implemented in Gaussian 09 program package. Different possible conformers could be proposed for L6 compound. All conformers initially were examined 6-31G(d) basis set and stability of the each conformers were also tested with 6-311++G(d,p) basis set at same theory level by using the Gaussian09 program package on a personal computer [14, 15] . As a result of computations, four conformers were obtained. Conformational energies of the title compound were calculated as a onedimensional scan by varying the N1-C5-C6-C7 torsion angle from 0° to 360° in steps of 10°. The resulting plot of the potential energy surface (PES) scan for L6 is shown in Figure 2 .
The more favorable conformers of the title compound were selected. For the selected conformers, we started by optimizing the molecular structures in the gas phase using density functional approach. The minimum energy conformer was further optimized at B3LYP/6-311++G(d,p) basis set. The vibrational frequency calculations were performed at the same level. The fundamental normal modes were assigned. The potential energy distribution (PED) calculations were carried out by the VEDA 4 (Vibrational Energy Distribution Analysis) program on a personal computer [18] . The calculated frequencies were scaled by 0.958 for greater than 1700 cm -1 , 0.983 up to 1700 cm -1 [19] . The computed frequencies were scaled factors in order to improve the agreement with the experimental results. Although accurate vibrational frequencies are more difficult to compute, it is well known that DFT calculations give excellent agreement between molecular structure parameters and experimental vibrational frequencies are scaled to compensate the approximate treatment of electron correlation, basis set deficiencies and anharmonicity [20, 21] . The scaling factors were not applied to the IR and Raman intensities. The 13 C NMR chemical shifts of the title compound were calculated using the keyword NMR in the DFT calculation at the B3LYP level with 6-311++G(d,p) basis set.
Figure 2. PES scan for the selected degree, T(N-C-C-C) torsional freedom
Molecular Geometry
In the gas phase the selected molecular properties of the possible conformers of the compound L6 within calculated B3LYP theory level with 6-311 G ++ (d, p) basis sets are given Table 2. The Table 2 point out that the C2 is a more stable conformer at room temperature (298 K) among the others taking into account the energies along with the population factors values. It is also worth noticing that the various basis sizes effect on ΔSCF (self-consistent field energy) and ΔG (the change in free energy) energies are not great and that the stability order for the conformers remains the same with the basis sets. The conformers are also in agreement with the single crystal structure data. In consistence with results obtained in the solid state, theoretical calculations predict that in the gas phase conformer C2 is the most stable ones. In addition, based on the theoretical results a planar structure for the conformers was found. The corresponding some structural parameters such as bond lengths, bond angels and dihedral angles optimized and experimental of the possible conformers of the compound L6 in the gas phase obtained at the B3LYP theory level with 6311G++ (d, p) basis set are given Table 3 . To the best of our knowledge, experimental data on the geometric structure of L6 molecule is not available in the literature. Other bond length (C=N) in the L6 molecule that is calculated 1.277 Å and measured 1.276Å. These values are also consistent with the similar studies [22] [23] [24] [25] [26] . The changes in the bond length of the C-H bond on substitution may be due to a change in the charge distribution on the carbon atom of the benzene ring [27] [28] [29] [30] [31] . The C-Cl bond lengths (1.738 and 1.741 Å) are in good agreement with the mean value (1.741 ± 0.016 Å) [25] . The optimized bond lengths of C-H and C-Cl for B3LYP with 6-311++G(d,p) method were also in good agreement for similar molecules [27, 28, 30, 32] . In general, calculated geometric parameters are in good agreement with those obtained from experimental results. Generally, from the theoretical values, it is found that most of the optimized bond distances are slightly longer than the experimental distances. The small differences may be due to that the theoretical calculations belong to isolates molecules in gaseous phase without any intermolecular interactions and the experimental results belong to molecules in solid state.
Electronic Spectra
The highest occupy molecular orbitals (HOMO) and the lowest unoccupied molecular orbitals (LUMO) are called as frontier molecular orbitals (FMOs). HOMO (H) and LUMO (L) are the most important orbitals in molecules and the energy gap between HOMO and LUMO is a useful parameter in determining the optical and electrical properties. Based on the optimized structure, the surfaces of HOMO and LUMO calculated using DFT method at B3LYP/6-311++G(d, p) base set in gaseous phase were given in Figure 3 . In Figure 3 , the positive and negative phase were represented in red and green color, respectively. The energies of HOMO and LUMO orbitals of the title compound in gas phase are -0.30606, -0.21697 eV respectively. The HOMO and LUMO orbital energy gap is equal (energy gap=LUMO-HOMO) +0.08909 eV and explains the possible charge transfer interactions taking place within the molecule. The UV-Vis spectrum provide the most detailed information about the electronic structure of a compound. The UV-Vis spectrum of the ligand was recorded in ethanol at room temperature. The experimental and theoretical UV-Vis spectra of L6 in ethanol solvent are given in Figure 4 (a) and (b). Generally, in the electronic absorption spectra of Schiff base compounds the bands (300-400 nm)
show azomethine C=N group. The first bands at higher energy (200-300 nm) are attributed to transitions associated with the phenyl ring and the second bands at lower energy are related to  transitions associated with the azomethine group. In the molecule, the band in the region 300-400 nm is attributed to the ntransition. The calculated absorption wavelengths (λ max ) are in good agreement with the experimental values. These values are similar to those found in related Schiff base compounds [2, 4] .
(a) (b) Figure 4 (a) The experimental and (b) theoretical UV-Vis spectra of L6 in ethanol solvent
Vibrational Spectral Analysis
To the best of our knowledge, there is no detailed quantum chemical study for the molecular structure and vibrational spectra of L6 molecule. The assignments of the normal vibrational modes of the most stable conformer of investigated compound along with the observed fundamentals, unscaled frequencies obtained by B3LYP/6-311++G(d,p) calculations and scaled frequencies as well as the PED descriptions are given in Table 4 . The experimental and theoretical infrared and Raman spectra of L6 compound were presented in Figure 5 and 6 for comparative purposes. The L6 molecule consist of 28 atoms, which have 78 normal modes of fundamental vibrations and it belongs to C1 symmetry group. In order to simplify the experimental assignment as much as possible, it is necessary to clarify characteristic group vibrations.
The aromatic structure shows the presence of C-H stretching vibrations in the region 3000-3100 cm -1 which is the characteristic region for ready identification of C-H stretching vibrations [33] [34] [35] . Accordingly, in the present study the FT-IR bands at 3058, 3026 cm The correlation between the experimental and calculated wavenumbers can be seen by plotting the calculated versus experimental wavenumbers (for infrared and Raman). The correlation graphics were plotted in Figure 7 (a) and (b) for infrared and Raman, respectively, based on the DFT/B3LYP method. As can be seen from Figure 7 , the relations are usually linear and described by Equations 1 and 2: Table 5 and Table 6 , respectively. As can be seen, the theoretical results are in very good agreement with the experimental data. Compared with the experimental 1 H NMR chemical shifts, correlation graphic based on the theoretical shifts is presented in Figure 10 . The correlation graphic between experimental and calculated 13 C NMR chemical shift is shown in Figure  11 
Thermal Analysis
The thermal stability of the title was analyzed by thermogravimetric analysis (TGA). The weight loss profiles are analyzed by the amount or percent of weight loss at any given temperature. Thermogravimetric analysis (TGA) and differential thermal analysis (DTA) curves of L are presented in Figure 12 . The TGA curve of L displays four stages of mass loss within the temperature range of 0-1400 °C. The TG curve of ligand L6, refers to two stages of mass losses at temperature ranges from 0 to 400 °C. These stages involved mass losses of 100.0% (found 100.51%) for the first and second steps of decomposition, respectively. These mass losses may be due to the successive losses of C 14 H 11 Cl 2 N molecule as gases at the given temperature range [41] . 
CONCLUSIONS
The Schiff-base compound L6 was synthesized and the structure of L6 was confirmed by spectroscopic (FT-IR, Raman, 1 H NMR, 13 C NMR, UV-VIS, single crystal X-ray diffraction) and thermal techniques. The vibrational wavenumbers were examined theoretically using quantum chemical computations and the normal modes were assigned by potential energy distribution calculation. The HOMO and LUMO analysis was used to determine the charge transfer within the molecule. The , but there was no identification for the free carbonyl group in the title compound. On the basis of this, one can conclude that this compound is mainly existed in Schiff base form, in agreement with the conclusion which was obtained from NMR and Raman studies. Detailed vibrational assignments of the compound was ascribed to its structural vibrations. The assignments of fundamental frequencies were confirmed by the agreement between the calculated and experimental results. Comparison of the calculated vibrational spectra with the experimental data provides reliable assignments of all observed bands in FT-IR and Raman spectra of the title compound. The reasonable agreement between the theoretical and experimental data reflects to the great extent the suitability of the applied basis set, 6-311++g(d,p) for this type of work and confirms the suggested structure.
